We have previously found that the arterial hypoxemia resulting from experimental hemorrhagic shock may be in large part prevented by periodic hyperinflation of the lung,9
REDUCED arterial oxygen tension (Pao2)
is commonly found after acute myocardial infarction.l1 In several series this arterial hypoxemia has been associated with low cardiac output and evidence of left ventricular failure suggesting that pulmonary congestion and edema are the major mechanisms.1 '2 5,6 However, hemodynamic abnormalities are not the sole consequence of acute myocardial infarction, and investigators have found evidence of maldistribution of ventilation.2 '3 7,8 This is a well-known cause of arterial hypoxemia. The Pao2 is usually markedly reduced in cardiogenic shock and is associated with a right-to-left shuntlike effect." 2 8 We have previously found that the arterial hypoxemia resulting from experimental hemorrhagic shock may be in large part prevented by periodic hyperinflation of the lung,9
suggesting that small airway abnormalities are important as well as vascular changes.
The present study is designed to investigate further the mechanisms of the abnormalities in respiratory gas exchange following acute myocardial infarction. 11 We inserted a fine polyethylene catheter percutaneously into a brachial artery during the first 24 hours following admission and collected blood samples for arterial oxygen tension (Pao2), arterial carbon dioxide tension (Paco2), and pH. The samples were taken under the following experimental conditions: (1) while the patient was breathing room air; (2) immediately following three voluntary deep breaths; and (3) in 17 cases, after breathing 100% oxygen through a low resistance valve and rubber mouthpiece with the nose occluded, for 15 minutes. The blood samples were analyzed within 30 minutes of collection with a blood gas analyzer (Instrumentation Laboratories, Model IL-113-52).
VALENCIA, BURGESS
We measured the pulmonary diffusing capacity (DLCO) in the same position by a single-breath carbon monoxide technic.12 The lung volume was obtained simultaneously by the single-breath neon dilution technic. The expired gas samples were analyzed with a gas chromatograph (HewlettPackard, Model 700) within 1 fig. 8 ).
We reviewed the subsequent incidence and type of arrhythmias in all patients to see whether these were related to the degree of arterial hypoxemia at the time of the initial study. In Pao, and pulmonary diffusing capacity in acute myocardial infarction. There is a significant correlation between arterial hypoxemia and reduced pulmonary diffusing capacity (r = 0.54; P < 0.01) in 42 patients with myocardial infarction.
significant correlation between these two measurements ( fig. 4) . The right atrial pressures were normnal in every case studied. Figure 9 is a schematic representation of the four possible pathophysiologic mechanisms of arterial hypoxemia in a patient breathing ambient air at sea level.
Alveolar Hypoventilation
Total alveolar hypoventilation is characterized by an increased arterial carbon dioxide tension and arterial hypoxemia. We have excluded this mechanism in our patients by the finding of normal or reduced carbon dioxide tension in every case. Most of our patients had mild alkalosis. In some, this was due to alveolar hyperventilation and respiratory alkalosis, while in others there was metabolic alkalosis. The latter was usually related to diuretic therapy.
Ventilation-Perfusion Inequality
The most common mechanism of arterial hypoxemia is decreased ventilation of some In our patients, we were able to show a rise in arterial oxygen tension following three deep breaths comparable to, or greater than, that found in a group of normal subjects. There is a mild degree of maldistribution of inspired air even in normals and periodic full inflations of the alveoli are necessary to preserve a lowsurface tension and prevent collapse.14 The increase in transpulmonary pressure produced by this maneuver may increase air flow to previously underventilated alveoli or open collapsed units. This observation does not distinguish between underventilation and complete nonventilation of perfused alveolar units, but these two mechanisms may be a matter of degree both arising from abnormalities in small airways.
Our results are consistent with those previously published by Pain and his co-workers"' who showed maldistribution of ventilation after acute myocardial infarction by using a nitrogen washout technic. They also agree with Higgs7 who found that an increase in tidal volume produced a rise in arterial oxygen tension.
Shunt
If an alveolar unit is completely nonventilated (that is, as a result of total obstruction of the airway and resulting collapse), then as far as respiratory gas exchange is concerned, it will behave as an anatomic right-to-left shunt. While it seems reasonable to assume that most of the abnormalities in respiratory gas exchange may be produced by decreased pulmonary capillary blood flow or changes in pulmonary transcapillary pressure due to left ventricular failure, our finding of a lack of correlation between arterial oxygen tension and cardiac index suggests that this is not the only factor. Another important mechanism probably is that these patients are sick, bedridden, and have chest pain, all resulting in a lack of periodic deep breaths. A lack of periodic pulmonary hyperinflation has been shown both experimentally and clinically to result in diffuse micro-atelectasis with accompanying abnormalities in respiratory gas exchange, particularly hypoxemia.' 14 9 Left ventricular failure resulting in an elevation of pulmonary venous pressure and causing congestion and edema of small airways and alveolar septa would also produce maldistribution of ventilation with respect to perfusion. We therefore suggest that the arterial hypoxemia that so frequently follows acute myocardial infarction results from a combination of small airway abnormalities and hemodynamic changes in small vessels.
The results of our follow-up studies show that the impairment of respiratory gas exchange persists for at least several weeks following acute myocardial infarction (table 2) . These findings agree with those previously reported.3 20 The combination of arterial hypoxemia and reduced diffusing capacity would be compatible with thickening of the pulmonary membrane, produced by the organization of transudates. This could reduce the compliance of the involved alveolar units and also result in a decrease in ventilation with respect to perfusion. Such changes could take several weeks to regress.
One of the major achievements of coronary units has been the early detection and treatment of arrhythmias. The incidence of these was reviewed in our patients to study any possible relation to the arterial hypoxemia. We found that most of our patients suffered from some type of arrhythmia. We also found that the mortality rate was much higher in those patients with left ventricular failure who were most severely hypoxemic. These results agree with those of McNicol and associates2 who found higher mortality in the patients with a lower arterial oxygen tension. ARTERIAL HYPOXEMIA It may be that those patients who suffered a more severe infarction also developed more severe arrhythmias and the hypoxemia was a secondary factor. In any case, we believe that routine measurements of arterial blood gases in patients with myocardial infarction will help in detecting hypoxemia which could be a significant factor in the development of further complications.
Conclusions
We have shown that arterial hypoxemia is common after acute myocardial infarction. Although the hypoxemia is most severe in the presence of clinical left ventricular failure, there is also a significant reduction in arterial oxygen tension in its absence. The degree of hypoxemia is poorly correlated with a low cardiac index, but is associated with abnormalities in the distribution of ventilation and a reduced pulmonary diffusing capacity.
We conclude that the fall in arterial oxygen tension following acute myocardial infarction is the result of abnormalities in both the small airways and the capillaries in the lungs. Galen 2nd Century A. D. Delicate and difficult as was the task of measuring the pulse in Galen's time, he was clever enough to anticipate by seventeen centuries some of the tests which modem psychologists have urged should be applied in criminal trials. -He detected the fact that a female patient was not ill but in love by the quickening of her pulse when someone came in from the theater and announced that he had seen Pylades dance. When she came again the next day, Galen had purposely arranged that someone should enter and say that he had seen Morphus dancing. This and a similar test on the third day produced no perceptible quickening in the woman's pulse, but it bounded again when on the fourth day, Pylades' name was again spoken. 
